We studied the occurrence and behaviour of so-called transient killer whales (Orcinus orca) around southern Vancouver Island from 1986 to 1993. Occurrence and behaviour varied seasonally and among pods; some pods foraged almost entirely in open water and were recorded in the study area throughout the year, while others spent much of their time foraging around pinniped haulouts and other nearshore sites, and used the study area primarily during the harbour seal (Phoca vitulina) weaning-postweaning period. Overall use of the area was greatest during that period, and energy intake at that time was significantly greater than at other times of the year, probably because of the high encounter rates and ease of capture of harbour seal pups. Multipod groups of transients were frequently observed, as has been reported for "residents," but associations were biased towards those between pods that exhibited similar foraging tactics. Despite the occurrence of transients and residents within several kilometres of each other on nine occasions, mixed groups were never observed and transients appeared to avoid residents. Combined with previous studies on behavioural, ecological, and morphological differences, such avoidance behaviour supports the supposition that these populations are reproductively isolated. 
Introduction
Based on photodocumentation of individual association patterns and movements, research in the early 1970s identified Numerous studies have been undertaken On three discrete associations of killer whale pods (ice., long-(Orcinus orca) in British Columbia and Washington State.
term maternal groups) around Vancouver Island, each with a different home range (Bigg 1979) . Pods in two of these associations had largely non-overlapping ranges that centred on northern and southern Vancouver Island, respectively, and were seen predictably in these areas over several years. Pods in the third association were seen throughout the home ranges of pods from the other two associations on a periodic basis, yet did not appear to interact with them. These differences in movement patterns led to the descriptive classification of pods in these associations as residential (later termed resident) or transient within a particular area (Bigg et al.
Can. J. Zool. 73: 1300 -I3 I 1 (1 995). Printed in Canada / Imprime au Canada 19762). As noted by Guinet (1990) , more recent research has demonstrated that these terms are not particularly descriptive, but "resident" and "transient" have been retained here, owing to both their historical usage and the lack of adequate alternative designations.
Research over the past 20 years has focused on areas where the frequency of encounters with killer whales is highest, in Johnstone Strait off northeastern Vancouver Island and in Haro Strait, a transboundary area between southeastern Vancouver Island and the U.S. San Juan Islands. Concentrations of resident killer whales were found in both areas, and virtually all studies have focused on these populations, covering a diverse range of subjects, including foraging and feeding (Nichol 1990; Felleman et al. 1991) , habitat use (Heimlich-Boran 1988) , vocal traditions and acoustic behaviour (Hoelzel and Osborne 1986; Ford 1989, 199 I) , alloparental care (Waite 1988) , life-history characteristics and population dynamics , and social behaviour and social structure Jacobsen 1990; Rose 1992) . Opportunistic encounters with transients in these areas added little to the understanding of their behaviour, yet cumulative information collected continued to imply that the transient individuals did not associate with the sympatric populations of residents. By the late 1980s, a combination of genetic and morphological data suggested that these populations might be reproductively isolated (Bigg et al. 1987; Baird and Stacey 1988a; Bain 1989; Hoelzel 1989; Stevens et al. 1989 ), which appears to have spurred more detailed investigation of the transient population (e.g., Baird and Stacey 1988b; Guinet 1990; Morton 1990; Baird et al. 1992; Baird 1994; Barrett-Lennard 1992) .
Nevertheless, considerably less is known about the behaviour or ecology of transient killer whales. In this paper we report on a study of transients around southern Vancouver Island from 1986 through 1993. Behavioural data were collected during 434 h of observation, and predation on other marine mammals was observed on 136 occasions (Baird 1994) . Here we present information on the occurrence and behaviour of transient killer whales, focusing on foraging and feeding behaviours and prey handling. While previous investigators have discussed age and sex differences in killer whale behaviour (e.g., Guinet 1991a; Jefferson et al. 1991) , seasonal, individual, or pod-specific differences in occurrence and behaviour have received less attention. In this study we examine how occurrence and behaviour vary between seasons and among transient pods (i.e., long-term maternal groups).
Methods

Study area and other marine mammal populations
Data were collected over an area of approximately 3000 km2 centred around the southern tip of Vancouver Island, British Columbia, Canada, and including the western San Juan Islands, Washington State, U.S.A. (Fig. 1) . The study area is considered a "core area" for southern resident killer M.A. Bigg, I.B. MacAskie, and G. Ellis. 1976 Populations of several other species of marine mammals inhabit the study area (Osborne et al. 1988; Calambokidis and Baird 1994) .
Five species of pinnipeds have been recorded; four of these are fairly common. Harbour seals (Phoca vitulina) are the most abundant marine mammal, with an estimated total year-round population of approximately 3000 (P. Olesiuk, personal communication) . While harbour seals are found throughout the study area, concentrations occur primarily around sites where they haul out on shore. Such sites (referred to hereafter as haulouts) are used year-round for a variety of purposes, including resting, giving birth, and nursing young (see Watts 1991) . Over 60 haulout sites are known within the study area, although most seals are found at a small number of major sites (12 sites have over 100 individuals, shown in Fig. 1 ; R.W. Baird, unpublished data; P. Olesiuk, personal communication). All but two of the major harbour seal haulouts and most of the minor haulouts within the study area have a rock substrate; the remainder have a sand or pebble substrate. Pupping occurs at all of the major sites and most of the minor sites from late June through early September (Bigg 1969) . Unlike most other phocids, mothers and pups of this species regularly enter the water during the 3-to 6-week nursing period (Oftedal et al. 1987) .
California sea lions (Zalophus californianus) and Steller sea lions (Eumetopias jubatus) are seen occasionally during summer, but are common within the study area from September through May, with a peak of approximately 1000 individuals in October and November. Only one major sea lion haulout is found within the region, at Race Rocks (Fig. 1) . Northern elephant seals (Mirounga angustirostris) are seen regularly in the study area, both in open water and hauled out on shore, but no concentrations exist.
Four species of cetaceans, other than killer whales, are also found regularly in the study area. Dall's porpoise (Phocoenoides dalli) is the species most frequently encountered, being regularly seen in deeper ( > 5 0 m) areas, while harbour porpoises (Phocoena phocoena) are occasionally found in the area, usually in waters less than 100 m in depth. Minke whales (Balaenoptera acutorostrata) and gray whales (Eschrichtius robustus) are also seen within the region, but no interactions with killer whales have been observed locally (but see Jefferson et al. 1991) .
Observational methods and analyses
Sightings of transient killer whales were reported by whalewatching vessels, lighthouse keepers, sport fishing charter operators, other research vessels, and members of the public. These records were used both to locate whales for encounters and to monitor seasonal occurrence.
Encounters were defined as periods of 15 min or greater in duration when all whales present in a group were identified and the distance between the whales and the observer was short enough for specific behavioural events to be recorded and behavioural states classified (see below). Observations were made by one to four observers from one or two of several small vessels (to 8 m). The onset and termi- 
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Island nation of encounters were ad libitum (after Altmann 1974); encounters ended for a variety of reasons (i.e., loss of contact with whales, approaching darkness, rough sea conditions, low fuel reserves). Data were voice-recorded continuously throughout encounters, using a microcassette recorder. Whales were visible at the water's surface during surfacing periods that generally lasted 1 -2 min; intervals between surfacing periods typically ranged from 2 to 8 min. During surfacing periods individual whales usually surfaced 3 -6 times. Because groups were typically small, all visible behaviours of all individuals could be recorded simultaneously (focalgroup sampling, all occurrences of all behaviours; after Altmann 1974) . Data recorded included date, time, location, direction of travel, identity of whales present, distance between and orientation of individuals, relative speed of travel, dive durations, synchronization of respirations between individuals in the group, and the occurrence of discrete behaviours (e.g., breach, spyhop, tail lob, prey capture; see Jacobsen 1986 ). This information was used to define the general behavioural state ( Table 1) . The occurrence of all other marine mammals visible at the surface or hauled out nearby was noted, including species, number, behaviour, and relative location. Sea state, other environmental conditions, and the number and type of nearby vessels were also recorded. Periods during which group size and composition remained constant were considered single observation periods, and the time spent in each behavioural state was divided by the duration of the observation period to give the proportion of time spent in each behaviour. All proportion data were arcsine square root transformed before statistical analyses to normalize the data (Martin and Bateson 1988) . To determine an overall behavioural budget, the time spent in different behaviours was summed over all observation periods and divided by the total time spent observing transients.
Individual whales present at each encounter were identified visually and (or) from photographs, using the catalogues of Bigg et al. (1987) and Ellis (1987) and unpublished catalogues maintained at the Center for Whale Research (Friday Harbor, Washington), the Marine Mammal Research Group (Victoria, B.C .), and the Pacific Biological Station (Nanaimo, B.C .). Pod designations use the alphanumeric (e.g., M 1, 4 3 , Y 1) system of Bigg et al. (1987) , and pod membership and age of whales were determined using sightings from this study as well as sighting information provided by the abovementioned organizations. For groups with extended sighting histories (i.e., greater than several years), the first sighting of a very small individual could be used to estimate the approximate year of birth, and for subadults, size relative to known-age or adult individuals could be used to estimate age.
Prey-handling time was defined as the period from when the whales first appeared to encounter a prey item until the last signs of prey were observed. This period could be broken down into the time from encounter with the prey to its death, and the time from death to complete consumption or abandonment of the prey carcass. In many cases it was not possible to determine accurately when the prey was killed, therefore there was a period during which the prey's status open water; prey occasionally caught during periods of this behaviour; otherwise indistinguishable from "travel" Prey or prey parts seen. Feeding was regarded as the period from when prey were first attacked to when the last remains of prey were consumed (cf. prey-handling time) Respirations synchronous; direction of travel consistent; whales generally less than one body length apart, in open water or nearshore; usually no net motion relative to land or movement backwards in a current; occasional hanging motionless at surface, in open water Respirations usually synchronous; direction of travel consistent, whales generally less than two body lengths apart; high speed, often porpoising partway out of the water Respirations synchronous; direction of travel consistent; whales generally less than five body lengths apart; in open water; no prey captured during periods of this behaviour, otherwise indistinguishable from "foraging -travel"
Interactive movements between individuals, not associated with prey capture; all individuals in a group involved; includes percussive behaviour (e.g., tail lob) by lone individuals Interactive movements between individuals, not associated with prey capture; only some individuals in a group involved l o 0 meat in the water. The remaining prey captures (43%) were detected without direct observations of intact prey and were based on observations of prey parts in whales' mouths or in the water. In these cases prey species identification was based on a combination of location, observations of potential prey in the area prior to capture, prey-handling time, behaviour, and quantity of blubber observed in the water. Per capita energy intake values, taking into account the size of prey and .the size of killer whales in the hunting group, were calculated as described in Baird (1994) . All seasonal comparisons were made between the harbour seal puppingweaning -postweaning period (July through September) and the non-pupping -weaning period (October through June).
Comparisons between pods were made using only those pods encountered on more than 10 occasions each.
Results
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(dead or alive) was unknown. For each prey capture various factors were recorded: time, whale group size, identity and age of individual whales involved, prey species, size, and caloric value (cf. Baird 1994), tidal height and direction (flood vs. ebb), time since sunrise or to sunset, and foraging type (Table 1) prior to the kill. Tide height and direction were determined using Canadian Tide and Current Tables published yearly by the Department of Fisheries and Oceans, and time since sunrise or to sunset were calculated from values presented in the Canadian Almanac and Directory.
In just over half the prey captures (57%), prey species could be determined by direct visual observations of prey, either in whales' mouths or at the surface amongst a group of whales, combined with observations of blood, blubber, or Transient killer whales were reported within the study area on 384 occasions from 1987 through 1993. Transients were encountered 99 times during this period, and an additional encounter from 1986 was also used in the analyses. Approximately 434 h of behavioural observations were recorded during these encounters. Changes in group size or composition during an encounter resulted in a total of 217 observation periods of constant group size and composition, ranging in duration from 15 min to 9 h 11 min. Group size ranged from 1 to 15 individuals, but the most frequently recorded group size was 3 (see Baird 1994) . During the 100 encounters, a total of 62 different individuals from 26 separate pods were recorded. Not all pods were seen with equal frequency (Fig. 2) . Several pods were regularly resighted throughout the study, both within and between years. Others were seen only occa- sionally and new pods were recorded within the study area each year (Fig. 3) , suggesting that the total number of transients that use the region is much greater than 62. Most of the pods (23 of 26) had been previously sighted elsewhere, but 3 were documented for the first time in this study.
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Seasonal occurrence
The seasonal distribution of sighting records and encounters is shown in Fig. 4 . Transient killer whales were recorded in the study area in all months of the year, with a peak in both sighting records and encounters in August and September. There were no encounters with transients during December or January, owing to weather constraints. Sighting effort is high from May through September; thus, the large number of records in August and September compared with May through July implies an increase in use of the area by transi- Sighting effort between October and April was low, therefore the decrease in records during this period does not necessarily reflect a decrease in the number of transient killer whales in the study area.
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ents during that period. The average individual energy-intake rate was also significantly higher in July-September than during the remainder of the year (Table 2 ; Mann -Whitney U test, p = 0.005). Pod-specific differences in seasonal occurrence were found. Considering the 6 pods seen on more than 10 occasions each, 3 (Q3, T3, Y 1) were seen almost entirely (63 of 70 encounters) during the harbour seal pupping -weaningpostweaning period (hereafter referred to as the seal pupping period), while 3 others (MI, 0 4 , 020) were encountered both during the pupping period (21 of 50 encounters) and at other times throughout the year (29 encounters). Taking all pods into account (including those seen on 10 or fewer occa- Fig. 5 . The proportions of time that pods were seen during the pupping non-pupping periods; some were seen primarily during the pupping period (right-hand side), while others were seen primarily during the non-pupping period (left-hand side). sions) also indicates that some pods appear to use the area preferentially during the seal pupping period, while others are seen primarily in the non-pupping period (Fig. 5) .
Foraging patterns
Foraging behaviours (including feeding) occupied approximately 63% of the total observation time (Table 3) . Behaviour during foraging is extremely variable: as noted in Table 1 , foraging can be divided into several subcategories based on location (seal haulouts, other nearshore areas, open water), spacing between individuals, synchronization of respirations, and directionality of travel. Foraging around seal haulouts and other nearshore areas typically involves close following of the contours of the shoreline or circling of rocks or small islets. The distance between individuals is variable during foraging, ranging from less than one body length ( -3 -8 m) to over a kilometre. The pattern of alignment of 
SOCIAL-PLAY BEHPYIOUR
FORAGING BEHA'VIOUH individuals in a foraging group, in terms of travelling abreast, staggered, or clumped, is also variable.
The percentage of time spent foraging decreased with increasing group size ( Fig. 6 ; weighted regression on transformed percentages, r2 = 0.68, df = 227, p < 0.001).
Foraging type varied seasonally; significantly more time was spent foraging in haulout and nearshore areas during the harbour seal pupping period than during the rest of the year (Table 2 ; Mann -Whitney U test, p < 0.001 and p = 0.002 for haulout and nearshore areas, respectively). While the proportion of time spent foraging did not differ significantly among pods (Kruskal -Wallis one-way ANOVA, p = 0.82; n = 6 pods), the occurrence of different foraging types did differ among pods (Kruskal-Wallis one-way ANOVA, p = 0.02). Some pods (MI, 0 4 , 020) spent virtually no time (i.e., < 2 %) foraging in haulout or nearshore areas, while others (Q3, T3, Y 1) spent between 25 -50 % of their time engaged in these types of foraging. Those pods that generally did not forage in nearshore areas spent more time engaged in offshore foraging (Table 4) .
Feeding behaviour
As a behavioural state, feeding was defined as the period from when a prey item was first encountered until consumption was completed. Just less than 15% of the whales' time was engaged in feeding behaviour (Table 3 ). In many cases, feeding behaviours overlapped with other behaviours, i.e., feeding did not prevent the whales from engaging in other behaviours. For example, portions of a prey item could be carried for extended periods while foraging continued or the whales engaged in travel or social -play behaviour.
We observed 138 prey attacks, 136 of which were successful (Baird 1994) ; thus, all but 2 of the prey attacks were included in the feeding category. The vast majority of prey killed (1301 136) were or were suspected to be harbour seals (see Baird 1994) ; the remaining prey included three harbour Table 4 . Behavioural budgets for transient pods that regularly forage in nearshore areas (43, T3, Y1) and those that do not (MI, 04, 020) when only a single pod was present. Fig. 8 . Frequency distribution of prey-handling times, divided into the two components: the time from when the prey is encountered until it is killed (TK) and the time from the death of the prey until it is completely consumed (T,).
Percentage of time for each category and subcategory Number of hours porpoises, two sea lions (exact species identification was not possible), and an adult male elephant seal. As the estimated average energy intake rate more than surpassed the predicted energy needs of killer whales (Baird 1994) , we suspect that the observed prey attacks must account for the vast majority of prey actually attacked during the observation periods (i.e., the observers likely missed very few attacks).
When a prey item was first captured by a member of a foraging group, all whales in the group typically converged, sometimes from distances of up to a kilometre. Prey were seen in whales' mouths during 93 of the 136 observed kills (68 %). Multiple whales in a group carrying all or part of a prey item during a particular kill, which suggested prey sharing, were observed for 51 % of these kills. Active prey division or transfer was also observed on 15 occasions, involving two whales ripping a seal apart, or one whale dropping a prey item and a second whale recovering it. On several occasions two whales were seen approaching each other slowly head on, one carrying a seal. Both whales then grasped the seal and backed away from each other, pulling it apart. On several other occasions, two whales were seen swimming side by side, one carrying a seal. The second individual TlME FROM PREY DEATH TO COIUSUMPT131U TlME TO PREY DEATH grasped one end of the seal and the two individuals then moved their heads apart, pulling the seal in two.
Cooperation and (or) division of labour between individuals was apparent in many prey attacks. During one attack on a Dall's porpoise by a group of three killer whales, two whales alternately engaged the porpoise in a high-speed chase. In several cases when harbour seals appeared to hide in underwater rock crevices or caves, whales appeared to coordinate time below water so that at least one whale was always underwater, preventing the seals from escaping. During several harbour seal attacks in which the time from encounter with the prey to its death, TK, was prolonged, an adult male in a group appeared not to be directly involved in attacking the prey. In these cases, while a group of females or subadults made passes by the seal, striking it with their tail or pectoral flippers, adult males occasionally appeared to prolong their dive times, possibly to stay beneath the seal and prevent its escape.
Prey-handling time was extremely variable, ranging from less than 2 min to over 3 h (Fig. 7) . Taking into account prey ranging in size from harbour seal pups (ca. 10 kg) to an adult male elephant seal (ca. 1700 kg), handling time increased significantly with prey size (regression, r2 = 0.47, df = 44, p < 0.001). However, this effect was largely due to the influence of the single elephant seal kill observed; without this observation, no effect of prey size on handling time was apparent (regression, r2 = 0.05, df = 43, p = 0.13). For harbour seals, both TK and the time from the death of the prey to complete consumption or abandonment of the carcass, TE, were variable, ranging from less than 1 min to 38 and 178 min, respectively (Fig. 8) . Regressions of total handling time, TK and TE, against killer whale group size, the age of the youngest and second-youngest whales in the group, tide height, tide direction (ebb vs. flood), sea state, and time since sunrise or to sunset were not significant. Unfortunately, observation periods were not long enough to be able to estimate the whales' hunger state. No significant differences in handling time existed between pods, but there was a seasonal difference (Mann-Whitney U test, p = 0.003), with a longer average handling time during the nonpupping -weaning period (Table 2) .
Social -play behaviour
Social -play behaviours included body contact and (or) interactive movements between individuals (e.g., chasing, one whale rolling over top of another), as well as percussive and other behaviours (e.g . , breaching, spy hopping, tail lobbing, flipper slapping, penile extrusion). While frequently occurring in conjunction with feeding, social-play behaviour of this type also occurred independently of other behaviours for 3.78% of the observation time. When it occurred independently, we termed this "pure" social -play behaviour . The percentage of time engaged in pure social -play behaviour increased with group size (Fig. 6 ; weighted regression on transformed percentages, r2 = 0.49, df = 227, p < 0.00 1) , and was twice as high during the seal pupping period (4.73 vs. 2.15 % during the non-pupping period; Table 2), although this difference was not significant (Mann -Whitney U test).
Multipod associations and interactions with resident
killer whales Resident killer whales were reported and observed much more frequently within the study area than were transients (R. W. Baird, unpublished data). While multipod associations of transients were regularly observed during this study (Baird 1994) , residents and transients were never observed travelling together, even though the two types of whale were recorded within several kilometres of each other on nine occasions. On four occasions, when the two types were not on intersecting courses, no obvious changes in the travel patterns of transient killer whales were observed. On five occasions where residents and transients were on intersecting courses, the transients changed their direction of travel, effectively avoiding contact with the residents. No change in the direction of travel of resident groups was observed when they were in proximity to transients.
Virtually all transient pods observed in the study have been seen associating with one or more other transient pods, either in this study or elsewhere. However, associations between transient pods were nonrandom. Pods that foraged primarily in open water (M 1, 0 4 , 020) were more likely to be found associating with each other than with pods that regularly foraged at seal haulouts and other nearshore areas (Q3, T3, Y 1) and vice versa (21 of 26 multipod associations involving at least 2 of these pods were between pods with similar foraging habitat preferences). Such patterns were not due to a lack of opportunity for associations between pods that foraged in different ways. Those that foraged in nearshore areas also spent up to or over 40% of their time (Table 4) in offshore areas. Thus, there was the potential for interactions between pods that foraged in these different areas.
Discussion
Seasonal occurrence
Sighting and encounter records showed a clear peak in the presence of transient killer whales in the study area during August and September, which represent the latter two-thirds of the harbour seal pupping -weaning -postweaning period (Fig. 4) . The average per capita energy intake rate during the seal pupping -weaning period is significantly greater than during the remainder of the year ( Table 2 ), implying that transients may preferentially use the study area during this period because of the increase in prey availability, as has been suggested for other areas (Condy et al. 1978; Lopez and Lopez 1985; Guinet 1991 b) . The relatively small number of sightings and encounters in the first month of this 3-month period (July) implies that it may be the harbour seal weaning and postweaning periods that result in the greatest increase in prey availability, rather than pupping per se. Because the timing of pupping varies along the British Columbia coast (Bigg 1969) , it is possible that during July, transients may be spending most of their time in other areas where pupping has occurred earlier.
If this research had been land-based (as were the other studies mentioned), a seasonal peak in occurrence would have been even more pronounced than is apparent in this study, owing to the seasonal differences in use of nearshore areas. However, because these differences in habitat use were largely pod-specific, to conclude that transients utilize the area more during the pupping period is not strictly accurate. Rather, some groups of transients appear to use the area regularly year-round, while others (which appear to specialize in foraging around pinniped haulouts and other nearshore areas) seem to use the area preferentially during the weaning -postweaning period (Fig. 5) .
Such conclusions, and others we draw below, hinge upon our assumption that the presence of our research vessel and other recreational or commercial vessels around the whales had little or no effect on their occurrence or behaviour within the study area. Recreational and commercial vessel traffic in the study area is greatest during the seal pupping-weaning period. Increased use of the area by transient killer whales during August and September suggests that their broad-scale use of the study area may not be greatly affected by the presence of vessel traffic. Similarly, Osborne (1 99 1) noted that southern resident killer whales appear to have increased their use of Haro Strait in recent years despite an increase in the amount of commercial whale-watching traffic, suggesting that the increase in vessel traffic has not resulted in broadscale shifts in their habitat use. Little information is available on the potential short-term impacts of vessels on killer whale behaviour or spatial patterns. Kruse (1991) claimed that northern resident killer whales increased their speed in the presence of boats, but her conclusions were not supported by the data presented (Duffus and Dearden 1992) . Evidence collected during a study in progress in Haro Strait on interactions between boats and killer whales suggests that resident killer whales do not change their behaviour in the presence of boats (R. Otis, personal communication; see Phillips and Baird 1993) . In the case of transients, Baird (1994) noted that the observed food intake was approximately twice the animals' predicted energy needs, suggesting that at least in terms of prey capture, transients were not greatly affected by the presence of the research boat. For all these reasons, we believe that the occurrence and behaviour of transients in this study were not greatly affected by our presence.
Behavioural budgets
Comparisons with previous studies that present behavioural budgets for transient killer whales are problematic for several reasons. Other researchers have focused on acousti-cal recordings (e. g . , Morton 1990; Barrett-Lennard 1992; Saulitis 1993) or have used observational methods developed for behavioural observations of resident killer whales (e.g., Felleman et al. 1991) . In both cases the distances between the observer and the whales are so great that they preclude recording the majority of prey captures (cf. Baird 1994). Thus, observations of feeding appear to have been underrepresented in their samples, and behaviours often associated with feeding, such as social -play behaviours, might have been interpreted in a purely social context. As well, previous behavioural budgets have generally not included feeding as a discrete behaviour, lumping it with other foraging behaviours. Sample sizes have also been small, resulting in biased representations of actual behaviour (e.g., no social behaviour, Felleman et al. 1991; Barrett-Lennard 1992 ; no resting behaviour , Morton 1990 ).
Seasonal and pod-specific differences in occurrence and behaviour (summarized in Tables 2 and 4), corresponding to differences in prey availability and foraging tactics, also affect comparisons between studies. Taking into account differences in study design and behaviour categories, no obvious differences in the amount of time spent foraging were apparent between this study and previous work; to be noticed, however, such differences would have to be extreme, all things considered.
Foraging patterns
Less than 1 % of the study area falls within 200 m of a harbour seal haulout, yet 12.4% of the total time during which transients were observed foraging was spent in these areas and 35 % of the seal kills occurred there. Prolonged foraging at a haulout often resulted in multiple kills, particularly during the harbour seal pupping period. Adult and subadult harbour seals were frequently observed to move into shallow water or to haul out on shore after becoming aware of the presence of foraging transients, so prey capture probably becomes more difficult during prolonged foraging at haulouts. However, haulout foraging occurred more often during the harbour seal pupping and weaning period (Table 2) , and inexperienced individuals (i. e., pups) seemed less likely to haulout in the presence of foraging transients (personal observations).
Transients were not seen intentionally stranding to capture hauled-out seals, as is regularly observed elsewhere (e.g . , Lopez and Lopez 1985; Guinet 1991a; Hoelzel 1991) . One such event has been noted locally, however, on a pebble beach at Protection Island (P. Gearin, personal communication; see Fig. 1 for the location). Such behaviour is probably infrequent for this population of transients, for several reasons. Sites where intentional killer whale stranding occurs elsewhere appear to comprise steeply sloping pebble substrates, and such sites are only rarely used by harbour seals in our study area. Intentional stranding to obtain prey also carries a risk of mortality (Guinet 1991a) , and such behaviour should occur only when the benefits outweigh the costs. In the area around southern Vancouver Island prey abundance and food intake rates are so high (Baird 1994 ) that such behaviour may not be worth engaging in. Intentional stranding as a prey-capture technique also appears to be a learned behaviour, requiring extensive practice and training (Guinet 1991a ); as such its value as a hunting technique likely increases with use, and its use may not be profitable on only an occasional basis. Sixty-five percent of the observed kills occurred away from seal haulouts. There are several possible explanations for the occurrence of such a large proportion of kills occurring in non-haulout areas. One possibility is that the whales "trapline," i.e., they forage extensively at a haulout before moving to another, occasionally capturing prey in between, as suggested by Barrett-Lennard (1992) . Data on travel routes collected in this study (R.W. Baird, unpublished data) do not support such a conclusion, however, because ,the routes of whales leaving haulouts vary considerably, with whales switching to any one of the other foraging types. Fast travel was observed rarely (Table 3) , and never between haulouts. Another possibility is that foraging offshore may allow capture of prey other than harbour seals. All the kills Saulitis (1993) observed while watching killer whales foraging in open water were of Dall's porpoise, while all marine mammals killed near shore were harbour seals. While both the Dall's porpoise attacks and two of the three harbour porpoise kills in this study were in open water, the large number of harbour seal kills offshore (55) implies that foraging offshore in the area around southern Vancouver Island does not function solely to allow predation on other species of marine mammals. Rather, such observations seem to be best explained by the pod-specific differences in foraging patterns noted above.
Feeding behaviour
Prey sharing was difficult to observe, requiring positioning of the research vessel in front of or beside whales carrying prey, at distances less than 5 m. Handling time during many prey captures was very short, and much of the prey handling occurred far beneath the surface, with only blood or bits of blubber seen; thus, in many cases it would not have been possible to observe sharing of prey even if it occurred. Guinet (1992) observed a killer whale in the Indian Ocean consuming prey away from its group, but no such observations were made in this study. Although multiple whales in a group were documented carrying prey for only 35% of the kills, we believe that division of a single prey item between individuals in a hunting group occurred more frequently.
Almost 15 % of the whales' time was spent feeding, but other behaviours often occurred after a prey animal had been killed but before it had been completely consumed. Whales often engaged in social -play behaviours after a kill. Because transient killer whales appear to hunt by stealth (Morton 1990; Baird 1994; Baird et al. 1992; Barrett-Lennard 1992; Saulitis 1993) , and social -play behaviours are characterized by frequent body contact between individuals and extensive percussive behaviour (such as breaches, spy hops, tail lobs, and cartwheels), engaging in social -play behaviour during foraging periods may reduce foraging success. Once a prey item has already been captured, social -play behaviour can be exhibited without the consequent negative impact on future short-term foraging success.
The time spent feeding on a prey item varied from less than 2 min to over 3 h (Fig. 7) . Such variability in prey handling time is typically ignored in studies of foraging theory (Stephens and Krebs 1986) , prompting us to investigate factors possibly responsible for it. That handling time should increase with prey size or in response to prey defenses seems intuitively obvious (see Werner 1974; Forbes 1989) . However, excluding the single elephant seal caught (which weighed much more than the whales could possibly have consumed), there was no relationship between handling time and prey mass (for prey ranging from 10 to 300 kg). Similarly, there is no significant relationship between handling time, TK and TE, and the defensive abilities of the prey. For harbour seals, both TK and TE could be very short (i.e., less than 1 min each). The required minimum TK value appears to be greater (i.e., > 1 min) only for prey that are more difficult to capture or dangerous, such as Dall's porpoises or sea lions, respectively, while the minimum value for TE is likely only increased for very large prey (i.e., close to or exceeding the maximum stomach capacity of killer whales), such as adult sea lions and elephant seals.
Another factor that might affect handling time is whale group size (although it is difficult to predict whether handling would be prolonged in larger groups because of conflicts over prey allocation or reduced because of a greater number of whales consuming prey of a particular size). However, there was no relationship between whale group size and handling time. Similarly, handling time was not related to environmental factors such as tide height, tide direction (ebb vs. flood), or time since sunrise or to sunset. Thus, for harbour seals, handling prey for longer than about 2 min appears to be an unnecessary allocation of time, assuming that prey handling has no function other than as the direct outcome of killing and consuming prey. Prolonged prey handling was often characterized by behaviours typical of social -play behaviour. Play behaviour frequently decreases with increasing age, being a presumed function of learning in young animals (Fagen 198 1 ; Harcourt 1991a) . We suspected that prolonged prey handling by killer whales might thus serve the function of allowing young to learn prey-handling techniques, and we tested this hypothesis, but found no significant relationship between the age of the youngest or second-youngest whale in a group and the duration of prey handling, or TK. The function of extended prey handling for transients thus remains unclear.
Social -play behaviour
Based on a sample of approximately 43 h of behaviour observations, Felleman et al. (1991) reported that percussive behaviour in transient killer whales is only regularly exhibited during predation. However, transients in this study engaged in social-play behaviours, not associated with prey captures, for 3.78% of their time, and this typically involved percussive behaviour. The frequency of such social-play behaviour varied both among group sizes (Fig. 6 ) and between seasons ( Table 2) . As the small groups seen most frequently usually comprise related individuals (Bigg et al. 1987; Baird 1994) , the increase in social -play behaviour with group size may reflect increased mating opportunities or opportunities to learn courtship or mating skills in larger, multipod groups (Baird 1994) , as has been suggested for resident killer whales (Rose 199 1) .
While the average group size was similar between the seal pupping period and the rest of the year (mean of 3.96 and 4.39 individuals, respectively), social -play behaviour was more than twice as frequent during the seal pupping period. The decrease in social-play behaviour during the nonpupping period may be related to the lower food intake during those months (Table 2) . Potential prey may be alerted by the percussive activity characteristic of killer whale socialplay behaviour, and harbour seals may be more difficult to catch during the winter months; as the pups age they likely gain experience in detecting killer whales and assessing the associated danger. Thus, the costs associated with socialplay behaviour (i.e., alerting prey) may be greater during the non-pupping period (cf . Harcourt 199 1 b) . Alternatively, play behaviour may decrease because of increased hunger levels during the non-pupping period, a trend seen in a variety of organisms (Fagen 198 1) .
Multipod associations and interactions with residents
Associations between pods of killer whales that inhabit a particular area are not random. Variability in association patterns has been noted within a resident community , and has also been used to delineate sympatric populations (Bigg 1979) . In this research, resident killer whales were observed more frequently than transients, and while multipod associations were observed for both transients and residents, the two forms were never seen associating with one another. Morton (1990) described three interactions between transients and residents; in all cases the transients appeared to avoid the residents, and in one instance the residents also changed their direction of travel, apparently to avoid the transients. In this study, transients appeared to avoid residents whenever the two forms were on intersecting courses. Because transient killer whales are usually silent, while residents vocalize frequently (Morton 1990) , it is more likely that transients will detect resident killer whales while remaining undetected themselves. A recent observation by G. Ellis (personal communication) provides some functional basis for avoidance of residents by transients: a group of southern resident killer whales appeared to attack and chase a group of transients off Nanaimo, British Columbia. Combined with the morphological, genetic, ecological, and behavioural differences noted in previous studies (summarized in Baird 1994), such observations of avoidance and possible aggression between the two forms supports the supposition that transient and resident populations are reproductively isolated. Variability in association patterns within the transient population was also apparent. As noted in Baird (1994) , pods containing young whales were found disproportionately often in association with other pods, and pod-specific differences in association patterns were also observed in this study. The ability to discriminate between pods in terms of foraging tactics and seasonal patterns of habitat use has provided a possible functional explanation for these pod-specific association patterns for transients: pods preferentially associate with others with similar foraging specializations. As with Baird et al.'s (1992) argument as to why transients should not associate with residents, preferentially travelling with hunters with similar foraging abilities may be advantageous to an organism that benefits from cooperatively hunting in small groups (Baird 1994 ; see also Ritchie 199 1 ; Trowbridge 199 1). Intraspecific variability in foraging techniques, possibly corresponding to differential association patterns, has also been observed in other cetaceans (e.g., humpback whales, Megaptera novaeangliae; Weinrich 199 1 ) .
